ABSTRACT
INTRODUCTION
Because of the beneficial effects of folate in preventing neural tube defects (1, 2) , and perhaps cardiovascular disease (3) and selected cancers (4) , current knowledge about serum and red blood cell concentrations of folate in the US population is of considerable interest. Previous analyses of the second National Health and Nutrition Examination Survey (NHANES II) data from adults showed that serum and red blood cell folate concentrations increased with increasing age (5) . Although the percentage of participants with low serum folate concentrations, defined as < 6.8 nmol/L (3 ng/mL), differed according to smoking status, supplement use, aspirin use, education, poverty income ratio, race, pregnancy, and parity, none of these differences were statistically significant. Small sample size may be partly responsible for the failure to find statistically significant differences. Furthermore, the proportion of participants with low serum and red blood cell folate concentrations did not differ according to medication use or use of oral contraceptives. However, folate data were only obtained from a relatively small sample of NHANES II participants, and 2 different assays were used, making interpretation difficult.
If public health interventions to increase folate consumption in the United States are to be effective, the populations with the greatest need for folate must be identified. Therefore, we examined data from Phase 1 of NHANES III, collected in 1988-1991, to explore racial or ethnic and educational differences in serum and red blood cell folate concentrations. Because educational attainment is often linked to better nutritional practices, we were interested in whether education was associated with folate concentrations in the sexes and racial or ethnic groups and whether any racial or ethnic differences in folate concentrations would be a function of educational attainment.
SUBJECTS AND METHODS

Subjects
To obtain information about the health of the US population, a population sample is periodically asked to participate in an Serum and red blood cell folate concentrations, race, and education: findings from the third National Health and Nutrition Examination Survey 1,2 NHANES. The latest in this series of health surveys, NHANES III, was started in 1988 and completed in 1994. Interviews were conducted in the participants' homes and at the conclusion of the interviews blood pressure measurements were taken. Participants were asked to appear at a mobile examination center on a subsequent date, where they completed additional questionnaires, had blood drawn, and underwent a series of examinations. Participants who were unable for health reasons or unwilling to attend the examination centers were offered a limited home examination. For this analysis we included only data from the first phase, conducted during 1988-1991, because data for serum cotinine, a measure of exposure to tobacco, were available for only this phase. Using a multistage, stratified sampling design, NHANES III included a representative sample of the noninstitutionalized US population. Details of the plan and operation of NHANES III have been published (6) .
Methods
For Phase 1 of NHANES III, serum and red blood cell folate concentrations were measured by using a radioassay (QuantaPhase I; Bio-Rad Laboratories, Hercules, CA) (7) . A detailed discussion of the methods used to measure folate concentrations in NHANES III was published (8) . Because standards for the Quanta-Phase I kit were calibrated erroneously, a correction factor was applied to the original folate values. Raiten and Fisher (8) discussed this issue in detail.
Variables included in this analysis included age, race or ethnicity (white, African American, or Mexican American), educational attainment, serum cotinine concentration, body mass index, alcohol use, dietary folate (from a single 24-h recall), vitamin and mineral supplement use during the previous 24 h, fruit and vegetable consumption, cereal intake, pregnancy status, and use of oral contraceptives or hormone replacement therapy. Persons of Hispanic origin were not included in the white or African American groups. Serum cotinine concentration was determined by using an enzyme-linked immunoassay (STC Diagnostics, Bethlehem, PA). Frequency of alcohol use, fruit and vegetable consumption, and cereal intake during the previous month were obtained from a food-frequency questionnaire. Portion sizes were not included in the questionnaire. We summed up the responses to the questions on fruit and vegetable intake and dichotomized this variable into < 150 and ≥150 times/mo to correspond with the recommendation to consume 5 fruits and vegetables/d. Vitamin and mineral suplement use was determined with the question, Have you taken any vitamins or minerals during the past 24 h? Women who reported that they were taking birth control pills at the time of the interview were considered to be current users. We defined current users of hormone replacement therapy as women who reported that they were using estrogen or female hormones (pills, vaginal cream, suppositories, injections, or skin patches) at the time of the interview. Pregnancy status was determined from selfreport or a positive urine pregnancy test.
Statistics
Rank correlation coefficients were obtained by calculating Pearson's correlation coefficients on the ranks of continuous variables. We used analysis of covariance to calculate mean serum and red blood cell folate concentrations that were ageadjusted and adjusted for various covariates using SAS (version 6.09; SAS Institute, Cary, NC). Differences in these adjusted means were tested in SUDAAN to account for the complex sampling design of the survey (9) . We used the sampling weights of the participants of the medical examination component of the survey to calculate weighted estimates. A limitation of the SUDAAN software is its inability to adjust for multiple comparisons. We restricted analyses involving oral contraceptive use to women who were ≤ 45 y of age and analyses involving use of hormone replacement therapy to women who were ≥50 y of age.
RESULTS
Two thousand, two hundred seventy-one white men, 1223 African American men, 1394 Mexican American men, 2300 white women, 1303 African American women, and 1317 Mexican American women were interviewed during Phase 1 of NHANES III. Participants ranged in age from 17 to > 90 y. Characteristics of participants who attended the medical examination clinic and form the basis of this report are presented in Table 1 . There were significant differences in age, educational attainment, serum cotinine concentration, alcohol intake, dietary folate intake, fruit and vegetable consumption, cereal consumption, and vitamin and mineral use among the 3 groups of men and women (Table 1) . In addition, body mass index and hormone replacement therapy use differed significantly among the 3 groups of women. A larger percentage of Mexican American than white women were pregnant.
FORD AND BOWMAN
White men and women had higher concentrations of serum and red blood cell folate than did African American or Mexican American men and women (Table 1) . Serum and red blood cell folate concentrations were lower in women aged 17-49 y ( Table  2 ) than in the total sample of women (Table 1) . White women had the highest concentrations of serum and red blood cell folate among the 3 race or ethnic groups.
Age, dietary folate consumption, cereal consumption, and serum cotinine concentration showed the largest correlation coefficients with serum and red blood cell folate concentrations in men and women ( Table 3) . Serum and red blood cell folate concentrations were higher in participants who consumed ≥150 fruits and vegetables/mo compared with those who did not, except in Mexican American women ( Table 4 ). Significant differences in serum and red blood cell folate concentrations according to use of vitamin and mineral supplements were also evident. Generally, women who used hormone replacement therapy had higher serum and red blood cell folate concentrations than women who did not.
Women aged ≥ 50 y using hormone replacement therapy reported an average of 1.3 more years of education and were, as a group, 5.4 y younger than women not using hormone replacement therapy. To examine the issue of use of hormone replacement therapy further, we ran a multiple linear regression model with serum and red blood cell folate as dependent variables and age, race, education, and use of hormone replacement therapy as independent variables in women aged ≥ 50 y. Use of hormone replacement therapy was a borderline independent predictor of untransformed serum folate concentration (P = 0.089) and an independent predictor of log-transformed serum folate concentration (P = 0.003). Use of hormone replacement therapy remained an independent predictor of untransformed serum folate concentration (P = 0.003) and log-transformed serum folate concentration (P < 0.001).
After adjusting for age, serum cotinine concentration, body mass index, fruit and vegetable consumption, cereal intake, vitamin and mineral supplement use, and alcohol consumption, white men had higher serum and red blood cell folate concentrations than did African American or Mexican American men, and white women had higher serum and red blood cell concentrations than did African American or Mexican American women (Tables 5  and 6 ). When stratified by educational attainment, the differences in serum folate concentrations between white or Mexican American men and African American men were significant for those with >12 y of education; differences in red blood cell folate concentrations were significant among the 3 groups of men for most groups of men for most levels of education. The results among women were generally similar to the results among men.
Educational attainment was only weakly related to serum or red blood cell folate concentrations. Correlation coefficients between educational attainment and serum folate concentration and between educational attainment and red blood cell folate concentration were 0.11 and 0.12 for all participants, 0.12 and 0.15 for all men, and 0.11 and 0.10 for all women. White participants had larger correlation coefficients than other participants (Table 3) . None of the results of the tests for linear trend for adjusted mean concentrations of serum or red blood cell folate by educational attainment were significant (Tables 5 and 6 ). There was no evidence that the differences in serum and red blood cell folate concentrations between white men and women and African American and Mexican American men and women narrowed or disappeared at the highest levels of educational attainment (Tables 5 and 6 ). In men with > 12 y of education, the mean adjusted concentration of serum folate was 15% lower and that of red blood cells was 22% lower in African Americans than in whites. In women with > 12 y of education, the mean adjusted concentration of serum folate was 18% lower and that of red blood cell folate was 22% lower in African Americans than in whites.
DISCUSSION
These nationally representative results show that serum and red blood cell folate concentrations are not uniform across certain demographic groups. Folate concentrations are higher in whites than in African Americans or Mexican Americans in the United States. These differences are not fully explained by differences in age, education, serum cotinine concentration, body mass index, vitamin and mineral supplement use, fruit and vegetable consumption, cereal intake, or alcohol consumption.
In NHANES I, conducted in 1971-1975, serum folate concentrations were slightly higher in white participants (8.0 nmol/L) than in African American participants (7.5 nmol/L) but the difference was not significant (10) . In NHANES II, conducted in 1976-1980, 16% of African American participants and 14% of white participants had serum folate concentrations < 6.8 nmol/L (3.0 g/L) (P > 0.05) and 17% of African American participants and 7% of white participants had red blood cell folate concentrations < 317 nmol/L (140 g/L) (P < 0.01) (5) . In this analysis, education was only weakly related to serum and red blood cell folate concentrations. This is consistent with previous reports from NHANES I, NHANES II, and the Hispanic Health and Nutrition Examination Survey, conducted from 1982 to 1984, that also failed to find strong positive relations between educational attainment and folate concentrations (5, 10, 11) . Although education was not strongly related to folate concentrations in NHANES III for the entire sample, it was positively related to red blood cell folate concentration in white men and with serum folate concentration in Mexican American women. However, the size of the educational effect was at best moderate. At least one other study found education to be directly related to serum folate concentration (12) .
Because vitamin supplement use and fruit and vegetable intake correlate with educational attainment (13), we anticipated that any differences in folate concentrations that might exist among racial or ethnic groups would narrow or disappear in people with higher educational attainment because health knowledge, purchasing power, and access to consumer goods all increase with education. However, this was not the case. In fact, the relative differences for adjusted concentrations of serum and red blood cell folate between whites and African Americans were the largest in the most-educated group. Reasons for this are not clear.
Serum and red blood cell folate concentrations reflect the balance of folate intake from diet and nutritional supplements, folate absorption, and folate excretion. In our analysis, we adjusted for differences in the frequency of intake of foods known to be rich in folate and for use of vitamin and mineral supplements. Nevertheless, after these and other adjustments, differences in serum and red blood cell folate concentrations between the racial or ethnic groups remained. It is possible that we did not fully adjust for differences in folate intake because of incorrect reporting of food intake on the food-frequency questionnaire. However, differences in folate absorption from the small intestine, increased utilization of folate during the course of some diseases, or differences in folate excretion could also contribute to the differences we described.
Some limitations of this study deserve mention. We were unable to adjust completely for dietary folate intake because this value was available from only a single 24-h dietary recall. Instead, we adjusted for the frequency of fruit and vegetable consumption and cereal intake-important sources of dietary folate-from the food-frequency questionnaire. Because detailed data for vitamin and mineral supplement use was not available, we had to rely on a single question about supplement use in the previous 24 h. Some of the analyses involved many comparisons. We did not attempt to adjust for multiple comparisons. Instead, we have presented the probability values so that readers can decide for themselves whether an adjustment is appropriate when they interpret the data.
Our results suggest that African Americans and Mexican Americans could benefit most from public health programs to boost folate intakes by encouraging increased intake of foods rich in folates and of vitamin supplements. Therefore, it is instructive to note that only Ϸ 30% of white women, 18% of African American women, and 19% of Mexican American women reported using a vitamin and mineral supplement, which was one of the stronger predictors of folate concentrations, during the previous 24 h in NHANES III. Rates in men were even lower. The decision by the US Food and Drug Administration to require folate fortification of enriched cereal and grain products in the United States beginning in 1998 (14) may narrow racial differences in the future.
